SUMMARY Chromosome analysis, after bromodeoxyuridine incorporation and a sequential Leishman acridine orange staining method previously described,' was used to assess the percentage of early or active fragile Xs compared with the overall total in informative cells in 13 heterozygous females. We report here on 13 subjects, 10 with high and three with low fra(X) expression. Of the 10, eight
SUMMARY Chromosome analysis, after bromodeoxyuridine incorporation and a sequential Leishman acridine orange staining method previously described,' was used to assess the percentage of early or active fragile Xs compared with the overall total in informative cells in 13 heterozygous females. The percentage thus obtained was then used to calculate the percentage of early or active fragile X that would be expected in a culture without bromodeoxyuridine, that is: percentage active fragile X l. OOxpercentage fra(X) in standard 199 or M culture. Five females were normal and eight of below normal intelligence.
In one culture pokeweed mitogen was substituted for phytohaemagglutinin and the percentage of active fragile Xs obtained was compared with that obtained with phytohaemagglutinin. In the same female the effect of addition of fluorodeoxyuridine and methotrexate on the replication ratio of the X was also investigated. R banded and G banded cells from this subject were also scanned for the deletion of Xq27.3-*qter.
About one-third of females heterozygous for the fragile X are mentally retarded.2-There is previous evidence of a relationship between mental retardation and the inactivation pattern of fra(X)' 58 in that mental retardation is due to expression of the fra(X) gene on the active or early replicating X, and that on the late replicating X the normal gene is not active. Mentally retarded females would be expected to show an excess of early replicating fra(X) and normal females the opposite.
This correlation has been disputed by Fryns et are mentally retarded and two are of normal IQ. All the low expressing females are of normal IQ.
As a crude estimate of the time of X inactivation in lymphocytes, the inactivation pattern obtained using a B cell mitogen (pokeweed) was compared with that of a T cell mitogen (PHA).
Terminal deletion of the X chromosome in patients with the fra(X) syndrome has been reported by Fitchett and Seabright.12 As the replication pattern of the terminally deleted X may be important as an indicator of IQ, 50 R banded and 50 G banded cells from a subject with a 'high' percentage of fra(X) were examined for this deletion. Cells containing unattached small fragments were also banded to try to determine the origin of the fragments.
Material and method
Seventy-two hour lymphocyte cultures were established on the day of blood collection. A total of 0-4 ml of peripheral blood was added to (1) TC199 + 2% fetal calf serum (FCS); (2) (TABLE 1) Of the eight mentally retarded females with a high fra(X) expression, four showed a marked excess of active fra(X). Two were around 50% active to inactive X, and two had an excess of inactive fra(X).
Of the two normal females with a high expression of fra(X), one had an excess of active fra(X) (MC) and one an excess of inactive fra(X). MC is 6 years old and is considered to be of normal IQ because she is at a normal school; however, this could change.* All the three normal females with low fra(X) expression had an excess of inactive fra(X).
Calculation of the percentage of early fra(X) that would be expected in a culture without BUdR should indicate the level of active fra(X) in the culture, and so be comparable with the fra(X) level in a male subject. The low normals all dropped below the 4% cut off level for a positive result used in this laboratory, and all the high subjects remained above this level. The high normal SI now had a similar level to four of the mentally handicapped females. Using percentage active fra(X) only, she had been similar to the low normals. *MC has since been reported to be 'struggling' at school. 
Discussion
In the heterozygous fragile X female, high fra(X) expression is usually associated with mental retardation, and low fra(X) expression with a normal IQ. The use of pokeweed as a mitogen did not confer any advantage over PHA, but the result does reinforce the evidence that X inactivation takes place some time early in embryogenesis and earlier than B and T stem cell formation.
Detection of the terminal deletion of Xq on R banded slides had the disadvantage that, although the terminal band showed up very well on the early replicating X, the late replicating X often did not show any bands at all. The number of R banded cells with a terminal deletion showed a similar decrease with BUdR incorporation, as did the fragile site.
